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CALIBRATION TOPICS m

SANTA BARBARA RESEARCH CENTER

a subsidiary

CALIBRATION REQUIREMENTS
CALIBRATION STRATEGY

OBC
e SOLAR ILLUMINATED DIFFUSER
e BLACKBODY
e SRCA
e MODELING RESULTS
e PREFLIGHT
e PERFORMANCE/CHARACTERIZATION
e BTE/GSE
e CALIBRATION
e REVIEW OF OTHER MAJOR ASPECTS
e SPECTRAL SHIFTS
e DIFFUSER SELECTION
e LUNAR CALIBRATION

e CALIBRATION SUMMARY
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Phase C/D Predicted

Parameter R?'?:rlirte- Preflight (())'g" m
Radiometm Ca'ibraﬂon SANTA BARBARA RESEARCH CENTER
Below 1.0 pm 5% 4% | 3% ——
1.1103.0um 5% 4% 3%"**

Above 3 um 1% 1% 1%
Reflectance 2% 4% 2%
Spectral Calibration
Center Wave- 0.5 nm 0.5nm | 1.0 nm* |
length preflight \
1.0 nm
Spectral Band (;)27[?‘8 0.5% FS10.5%FS CAIJBRATlON

e - 5% S% F 5%
to?Band Stability] 1.0% HS | 1.0% HS | R EQ Ul R EME NTS
Geometric Calibration
Band-to-Band 0.1 IFOV 0.05 0.1 IFOV
Registration IFOV
Diffuser BRDF
<2.0 um 1.0%
2.0102.5um 1.5%

FS = Full Scale HS = Half Scale

* Dependent on good correlation with full aper-
ture ground measurement and SRCA sub-
aperture measurements .

** Multiple calibration methodologies are re ‘ 91-0742:6
quired




USE MULTIPLE MEASUREMENT/CALIBRATION
METHODOLOGIES

SANTA BARBARA RESEARCH CENTER
3 subsidiary

CALIBRATION STRATEGY |

—— e e

MODIS-N
PREFLIGHT — USE MULTIPLE METHODS AND CORRELATE

« LOOK FOR TRENDS IN CALIBRATION HISTORY
THROUGHOUT PREFLIGHT LIFETIME

INFLIGHT — ONBOARD CALIBRATORS '

- RADIOMETRIC, SPATIAL, SPECTRAL AND ONBOARD CALIBRATOR
STABILITY MONITORING

INFLIGHT — REMOTE SCENES
« MULTIPLE EARTH SCENES
- LUNAR SCENE

EOS SENSOR CALIBRATION

RECOMMENDED COORDINATED CALIBRATION CAMPAIGN COVERING
MULTIPLE EOS SENSORS

« PREFLIGHT CALIBRATION SOURCES
« INFLIGHT EARTH REFERENCE SCENES

IT IS BELIEVED THAT 2% ABSO ATION IS
F MULTIPLE

ES IS FULLY

8/89
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MULTIPLE OBC ARE
FEASIBLE AND WORKABLE

SANTA BARBARA RESEARCH CENTER
a subsidiary

DC RESTORE

ALL BANDS

BLACKBODY — FULL APERTURE MWIR/LWIR
SOLAR ILLUMINATED DIFFUSER VIS/NIR/SWIR
TWO LEVELS
ASARIZAT ON-CARBRAFO R~ BANBS-IT-TT
SRCA
RADIOMETRIC CALIBRATION CHECK VIS/NIR/SWIR

SPATIAL BAND-TO-BAND REGISTRATION
SPECTRAL RESPONSE
DIFFUSER STABILITY MONITOR

VIS/NIR/SWIR/MWIR/LWIR

- VIS/NIR/SWIR

VIS/NIR

6/89
90634-95



MODIS-N IN-FLIGHT CALIBRATORS m

SOLAR
DIFFUSER

BLACKBODY

MIRROR

5/91
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MAIN HOUSING BOLTS TO
TOP OF SENSOR HOUSING ' .

SANTA BARBARA RESEARCH CENTER

a subsidiary

FULL APERTURE
SOLAR DIFFUSER
PROVIDES
OUTBOARD ACCURATE
SUPPORT BEARING \,\_\ L / AND STABLE
DOUBLE SURFACE SOLAR u REDUNDANT TORQUERS RADIOMETRIC
ROTATES 100° ON AXIS STOP MECHANIS CALIBRATION

ROTATES 180° ON AXIS

- DOUBLE SIDED
« BRDF’s: 0.18/sr, 0.018/sr
- EFFECTIVE ALBEDO: 46%, 4.6%

5/91
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SANTA BARBARA RESEARCH CENTER
a subsidia oy

TWO SOLAR
DIFFUSERS
NEEDED TO
MATCH VIS/NIR
AND SWIR
ALBEDO LEVELS
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SNR (SINGLE SAMPLE)

100

10

e g

S )

e e SOLAR DIFFUSER: BRDF (O, On) = 0.18
_x x SOLAR DIFFUSER: BRDF (O, On) = 0.018

Y DN N [ [N N N N

0 o0 SOLAR DIFFUSER: BRDF (©,, Oy) = 0.018

8 10 12 14 16 18 20 22 24 26
SPECTRAL BAND NUMBER

EERCTRT L AR St = B P2 Ty ——

SANTA BARBARA RESEARCH CENTER
a subsidiary

TWO SOLAR
DIFFUSERS
PERMIT
ADEQUATE
SNRS FOR
RADIOMETRIC
CALIBRATION

6/89
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SANTA BARBARA RESEARCH CENTER
8 subsididry

« 25° V-GROVE HALF

ANGLE
. ALUMINUM
STRUCTURE :
. AMBIENT V-GROVE
TEMPERATURE BLACKBODY
. EMISSIVITY > 0.992 DESIGN
OFFERS HIGH
EMISSIVITY

5/91
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ON ORBIT RADIOMETRIC
CALIBRATION MODEL FOR MWIR/LWIR

SANTA BARBARA RESEARCH CENTER
a subsidiary

® PARAMETRIC MODELING — MODEL VARIABLES

® SCENE

e SENSOR
e OBC-BB
°

SPURIOUS
SOURCES

® MODEL SNAPSHOT
o SCENE
e SENSOR

¢ OBC-BB

¢ SPURIOUS
SOURCES

TEMPERATURE
SPECTRAL SHIFT, OUT OF BAND TRANSMITTANCE, NEAT
TEMPERATURE AND EMISSIVITY AND THEIR UNCERTAINTY

DIRECT AND INDIRECT SOLAR ILLUMINATION, SENSOR
INTERIOR CAVITY EMISSION

NOMINAL TEMPERATURE FOR EACH BAND
SPECTRAL SHIFT 0.01 TO 0.05 um, Toob = 0.001,
SOW NEAT SET

Tes = 320K; €es = 0.99

TBB_UNC = 0.25K; EBB_UNC — 0.006

NO DIRECT SUNLIGHT: INDIRECT p = 0.06 WITH Q = 1 sr;
SENSOR CAVITY: ¢=1.0, T=300K, ) =2 sr

® TEMPERATURE UNCERTAINTY:
® RSS-0.30K TO 0.56K

6/89
90634-100
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ACCURACY PREDICTION
FOR MWIR AND LWIR BANDS

a subsidiary
1.2 ‘T“ .
Uncertainty of Radiometric Calibration
MWIR / LWIR Bands
11 - Derived from Math Model
RS Specilic tlon Level
10 3 M — = — - — — = — = — —
Ab-somw d 1 Model Paramaters
Radiometric i M T
Calibration A B o cal ™ 288K
Uncertainty ¢ -8 B JEN €y - 0892
in % : 2 £ = 0004
if ;‘ uncertalnty
1 B B bl ¢ -
8 4B = B 3.3 T"m%uml-band 0.0001
‘ Number of dala samples = 10
Spectral band uncartainty Is included
7 1 ... Scene tompemturo-l’mm Blackbody
:] Temperature
33 Uncenainty
0.15K
4 7T Blackbody
Temperature
P’ Uncentainty
= 0.1K
21 22 2) 24 25 268 27 28 20 30 3t 32 33 34 35 38
9/91
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PRE-FLIGHT RADIOMETRIC CALIBRATION
Ssa0ck o Aadiance Delerranalisn

NS | Treceatis W Soherical 1X2)X2 [
it | [ wema | JOOON
Radance Standard Wr"d"“"" Source v:nzlswm MOUIS M
Radametne Caliwauu. -
NST Traosabie A . M:a:‘l. llug‘m I
Sunded Blackbody . Aadometric Calibsuton
PREFLIGHT MODIS-N PERFORMANCE CHARACTERIZATION
Fov Band-w-band Transiont Specued
L',".é _,"_"%“* _r_é““'“' ,_1_[55““’"' _:ﬂ' " i".l“,"“é
[=]
PREFLIGHT CALIBRATION OF ON-BOARD CALIBRATORS
Use MODIS-N Yo Viunsler Specal Radiance
NIST Tracensie Apars Colsmaied SHCA SACA
Terperea oae - "::.."’.,.J,l SRACA Source Spra l Spatel
andard 12 ‘|.’) | VNIR/ SWI Q-.) Aeglawatun (1§
Surtace w
Embsabty B}W fadca v/ swR | |
| —a y V1 ____1
| r r | |
FUGHT on-BdaRD cuuénmon | |
ENHERNEIEES
——t
o : VNIR/ SWIFT, VNIR Aogimvato ]
! SOSM
Sum . 1 . Diftser Monno
T W adl I
VIR SWIR o
T 13 Y 13
GROUND TRUTH CALIBRATION
S o | [t ©
g llh - T Eann On-oebst
Scoane Radwomenc Caidxason
VNIR/ SWIR
Ground-based Lunar
C Scons
g, O-orm
Radance Eon WA/ LWIR
Measuroment Scane hl

MODIS-N CALIBRATION MANAGEMENT PLAN BLOCK DIAGRAM COVERING
PREFLIGHT AND ON-ORBIT ACTIVITIES INCLUDING MATH MODEL INDEX

SANTA BARBARA RESEARCH CENTER
a subsidiary

MODIS-N
CALIBRATION
MANAGEMENT PLAN

9/91
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several major models

Model ) Purpose Model Number

Transter spectral radiance/irradiance to spherical inle- | Source calibration, 1a, 2a,3a

grator source (SIS) via monochromator comparator — | VISNIFVSWIR 1b, 2b, 3b

multiple methodologies

SIS - MODIS-N instrument calibration, 4a, 4b
VISNIR/SWIR

Full aperture blackbody - MODIS-N Instrument canbration, )
MWIRAWIR

MTF/IFOV - calibrator (phased reticles) — MODIS-N Instrument characterization, 6
all bands

Band-lo-band registration — calibrator and phased reti- | Instrument characterization, 7

de (CT/AT) ~ MODIS-N all bands

Transient response — calibrator — MODIS-N Instrument characterization, 8
all bands

Spectral response — monochromator — MODIS-N Instrument charactarization, 9
all bands

Polarization - calibrator - MODIS-N Instrument characterization, 10
allbands

Stray light response/calibrator/SISAarge aperture IR Instrument ci..iacterization, 11a, 11b

source — MODIS-N all bands

0BC blackbody — MODIS-N Instrument calibration, 12
MWIRAWIR

OBC dittuser calibration BROF 0.4-2.40 um, angle 13a

0BC solar-iluminated ditfuser - MODIS-N Instrument calibration, 13b
VISNIR/SWIR

SRCA ~ (fikered incandescent source — MODIS-N Calibration transter, 14a
VISNIVSWIR

SRCA - filtered incandescent source — MODIS-N instrument calibration check, 14b
VISNIR/SWIR

Wavelength calibration — SRCA monochromator A calibration, VIS/NIR 15a

Speciral response — SRCA - MODIS-N :Zsst/n&l%em characterization, 15b

|

Band-to-band spatial registration - OBC SRCA - Instrument characterization, 16

MODIS-N all bands

Ditfuser - sun - solar Muminated dittuser stability Ditfuser stabllity check, 17

monlitor 0.43-090 um

Ground truth — Earthviunar/atmosphere — MODIS-N — | Instrument calibration 18

SANTA BARBARA RESEARCH CENTER
a subsidiary

PERFORMANCE
CHARACTERIZATION
AND CALIBRATION
MATH MODEL

9/91
91-0742-3



MODIS-N CALIBRATOR WILL BE USED
TO CONDUCT A BATTERY OF TESTS

CALIBRATOR
OPTICAL
SYSTEM
L
FOLD
MIRROR L
ROTARY
| PATTERN | paTTEANS
REFERENCE 8TAGE |
oeTecions| | AOTARY AGTUATOR WHEEL | < PHASED KE -
A:]}"ﬂ% ENCODER I g‘m ‘lf":‘oc’.‘(“o
~ ST, g} ROSS
aMTHYY ENCOOER FIELD || geene smnaTion | | ALIGNMENT
MIRAOA | o LENS MICRO-
+ COHERENT NOISE
SPECTRO + CLEAR 5COPE
RO TAHY . MIOTOMETEH . + OPAQUE
PATTERN . . BEAM OFP. »;
B1AGE WHEEL S PATIEHNY UL ACKBOOY SAUTTER ALK NT
ACTUATCH B B POLARIZERS,
ENCODER BANDPASS 1
b FIELD joahs J L TERS, NOF SPECTAAL
LENS :‘E"‘s‘“ — SHAPING
_ . S 3 LTERS |
e | FBBO £ 1 BLACKDBODY
DUACK HELAY BLAM FRAMENT/
. , AOTARY NEUTRAL
oPIKCS
B8OOY l LPUTTER l ClOﬂAER' s1act |1 oensiTy RADIOMETAIC
—_—— —— — — ACTUATOR FLTER SENSMIVITY
l AELAY I RELATIVE BPECTRAL ENCODER WHEEL CHECK
oPTICS 1. SPONSE, POLARIZATION, T
I UNEARTY TEMPERA. SPHERICAL
AIBBON l TURE INTEGRATING
FILAMENT COMPUTER SENSOR CAVITY,
' LAMP r DRIVEN T
SOURCE XY STAGE QUARTZ
l I0DINE
2018 I LINEAR LAMP - DDJ
| NTERFERO
l AN METER BAND-TO-BAND
L MONITOR' REGISTRATION,
COHERENT NOISE.,
MTF, RADIOMETRIC
IFOV, BENSITMTY
TRAANSIENT CHECK
RESPONSE

SANTA BARBARA RESEARCH CENTER

» subsidiary

sm
91-0347-38



10,000

e—e FILTER: CS1-75 (0.15 cm)
*—x FILTER: BG-23 (0.18 cm)
O—O FILTER: BG-34 (0.20 cm)

1

100

| 1 1 | | | | | L |

1

2

6 10 14 18 22
SPECTRAL BAND NUMBER

SANTA BARBARA RESEARCH CENTER
a4 subsidiary

SHAPED
RADIANCES
YIELD HIGH SNRs
FOR SPECTRAL
CALIBRATION

a/89
90634-83




W Wl U W WG by el e el B e el e

100,000

LIFETIME (HOURS)
<
o
v

1,000
¢ 10% DUTY

CYCLE
EXPECTED

100

2000 . 2200 2400 2600 2800 3000
FILAMENT TEMPERATURE

10,000 -

LR

1

|

|

|

|

|

SANTA BARBARA RESEARCH CENTER
a3 subs) diary

INCANDESCENT
SOURCE
EXPECTED TO
HAVE LIFETIME
GREATER THAN
10,000 HOURS
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TO SUN PHOTODIODE

- e
\ ARRAY |  ELECTRONICS ’ m
_ : GRATING -{ e | SANTA BARBARA RESEARCH CENTER
_— —— \Q well] . T a subsidiary

ey SOLAR
Shhes [ arccrmoncs | DIFFUSER
TO DIFFUSER S e
, MONITOR
Wide-Dynamlc (SDSM)
ALTERNATELY
| VIEWS SUN
'.T.’I‘.'.‘.'.'I':.’:l'._.'.'i'.':'_'- _.'.'._.'.".'.‘.—Z;O:;T.’Tﬂ[lmlm}'_T_‘:':;‘O:'.T_‘:‘_ AND DlFFUSER
) u:“Solar Diffuser Reflectance Monitored
Using Sun as Reference 5/91
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WIDE DYNAMIC RANGE
- OPTICAL SYSTEM

—»— SPECTROGRAPH

OBJECTIVE
LENS

FIEID  SUN
LENS

PSUN - 4 (f/#)‘?SD - A 90
Pso m « BRDF + COS (¢)

¢ VARIABLE VIGNETTING DUE TO DIFFRACTION: < 2%

¢ NONUNIFORM SENSITIVITY OF SPECTRORADIOMETER: CHARACTERIZE
¢ VARIABLE ILLUMINATION ANGLES: CHARACTERIZE

7/89
80634-94A



1,000,000

RELATIVE SIGNAL

100,000 - \'\‘\.
DIRECT SUN
10,000 -
PSS Colahenbenly X~ x
1,000 - ~~ee_
// X~
,;/ HIGH LEVEL DIFFUSER ~X
VV//,
_—-0"==="0"=~~.
100 |- - O~..
P ~O.
+~ LOW LEVEL DIFFUSER \\O
/
/
QD
10 | | 1 | | |
400 500 600 700 800 900 1,000

WAVELENGTH (nm)

SANTA BARBARA RESEARCH CENTER
a subsidiary

SOLAR ILLUMINATED
DIFFUSER MONITOR
RELATIVE SIGNAL
AS A
FUNCTION OF
MEASUREMENT MODE

6/89
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anall e ad e eend W wenel e bendder weld bmadd 0 MR WA Soed 0 A

[PORsevS] L= ] £ )
Ty%e'a(::oﬁall- Source Mechanism | Aperiure | Spectral Bands qg:ﬁg;(z:;) c o%lrt:gm s
DC restore Space Full All Once per scan
line
Radiometric Sun Solar llumi- Full VIS/NIR/SWIR |Once per orbit {BRDF =
nated ditfuser less 8 through 0.18 sr!
16
Radiometric  |Sun Solar illumi- Full VIS/NIR/SWIR |Once per orbit |BRDF =
nated ditluser 0.18 sr!
Radiometric  |Blackbody |Blackbody Full MWIR/ALWIR  [Once per scan
line
Radiometric  |Incandescent |SRCA spec-  [Partial  |VIS/NIR/SWIR |Avallable any
source trally shaped time during orbit
collimator
Spatial Regls- |incandescent |SRCA Partial  |VIS/NIR/SWIR |Avaliable any
tration sourca and MWIR/LWIR  [time during orbit
IR source
Spectral Incandescent |SRCA grating [Partial  |VIS/NIR Avallable any |Grating Is
(MODIS-N) source monochromator time during orbit]rotated 10
produce A
scan
Spectral Incandescent | SRCA grating |Full 040 pms A s |Available any |Grating Is
(monochroma- |source monochromator 1.00 ym time during orbltjrotated to
tor) and filter produce A
scan
Ditfuser stabil- |Sun SOSM grating |Fuil 040 um< A < |Avallable once |High BRDF
ity monitor spectrograph 0.90 um per orbit diffuser
and fold mirror
Difluser stabil- |Sun SDSM grating |Full 0.40um <A < |Avallable once ]Low BRDF
ity monitor spe~trograph 0.90 pin per orbit diffuser
and fold mirror

SANTA BARBARA RESEARCH CENTER
a subsidiary

MODIS-N
IN-FLIGHT
CALIBRATION
CAPABILITY

591
91-0347-34



GSE/BTE FUNCTIONS m

SANTA BARBARA RESEARCH CENTER

3 subswdiary

® SIMULATE INTERFACE BETWEEN MODIS-N AND
HOST SPACECRAFT

¢ PROVIDE OPTICAL STIMULI FOR PERFORMANCE
TESTING AND CALIBRATION

® PROCESS HIGH RATE DATA STREAM

¢ MONITOR, CONTROL AND RECORD TEST
CONFIGURATIONS AND OPERATIONAL CONDITIONS

e PROVIDE COOLING OF SWIR, MWIR, AND LWIR FOCAL
PLANES FOR LABORATORY AMBIENT TESTS

¢ PROVIDE RADIATIVE HEAT SINKS FOR THERMAL
VACUUM TESTS

¢ PROVIDE SPECIAL TOOLS AND FIXTURES FOR
ALIGNMENT AND HANDLING

6/89
90634-112A



] 2 g 1. Subsystom checkout
3 - 2. Subsysiem itegraion
o~ 3. Opiical aiignment and pesformance
Integration and prior 1 Phase 4)
s - 3 3 4. Amblent environmental bench st
FUNCTIONALY Eg 9 8 14 ﬁ §. Thermal vacuum environmental ee s N
] yument/spacecrait
PERFORMANCE PARAMETER 2 i 3 ¥lsials| |8 8.\ Integraion et SANTA BARBARA RESEARCH CENTER
s B § g - g TEST a3 subsidhary
§§§§5§g§ TR
HE o 23121815181
Command and Power
Command Verification X IX XX
Power Profile X IX X|x
Tum On Transients X |X X|x 1,2,4,5.6
Operationsl Transisnts X X Xfix
Power Supply Transients X Ix X{x
Power Supply Ripple X X XX v
Spectral Coverage
in-Band Shape X Ixlx X x| IxIxix]x 1,2,3,4.5
Out of Band X {X|x X X} IX§x]x

Spatlal Caverage (IFOV) _ PERFORMANCE

Cross Track x| Ix|x |x X x|x]x .23

Along Track x| Ixjxix X x| x| x

Far Fleld Spurious x| |x xix{x|xf [x] fx]x 4 MATRIX
Radiomaetric Performance

Gain X I1X1X xX{X|X X XIXIXIX]X

Offsst X IX|x XXX X XIXIXIXiX

Signal Versus Radlance X IXix XiX|x X XEXIXIX}X

Unearity X IXIX Xix|x X XIx|x|xi|x

SNR X tX|Xx XiXix x| [ XIX{XiXIX] 3.4.5.6

On Boand Callbeator XiXx XIxix X X{X[X1X

Spectral XX xXix

Coherent Nolss X IX1X XX xi IXIXIXIX|X

Scan Modutation XX XX x| [XiX|X X

Band-to-Band Stabliity xIxj {x xIx] Ixl Ix|x|x
MTF (Sine Wave)

Along Treck X IXIXIX X X XIXIX]X 1,2,3,4,5.8

Cross Track X IXixix X X X{X|X|X

Transient Responae .

Rise Time X IX|xix X x| X xXix 1.4

OvershootUndershoot X ]xXixXgx X X X XX

Polarizaton Sensiivity X X x| X X 1,3

Spectral Band Registration 345

Nong Track X |x|xix X x| IxIxixixtx] *

Crosstrack X |xIx|x X x| IxIxixixix 9/91

91-0742-8

Alignment Reference X X 3.6
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SCAN MIRROR REFLECTANCE
CHARACTERIZATION

METHOD A - ROOF MIRROR

SANTA BARBARA RESEARCH CENTER
a subsidiary

Roof Mirror

Scan Mirror




CONCEPTUAL DESIGN FOR
REFLECTANCE CHECK ACROSS THE
- SURFACE OF THE SCAN MIRROR

SANTA BARBARA RESEARCH CENTER
a subsldliary

Concern: Non-Uniform Contamination of the Scan Mirror On-Orbit

Status: Baseline design for On-Orbit calibration sources does not provide information over the length
of the Scan Mirror.

Conceptual Solution: Characterize Spectral Reflectance of Scan Mirror across its length.
Two Methods: Both use the SRCA Monochromator (VIS/NIR) with the following modifications:

1) The collimator fold mirror must be capable of being tilted in small steps, in the scan direction,
wilh a stepper motor.

2a) A Reflecting Roof Mirror must be located within the scan cavily in a location near the end or
the Earth Scan. The Scan Mirror is viewed at large angles of incidence.

3a) A Silicon Photodiode must be added at the end of the SRCA exit slit to sense the Reflected
Energy from the Scan Mirror and Roof Mirror.

4a) Vignetting due to beam translation needs to be characterized.
2b) The Scan Mirror is viewed at Normal Incidence. (No additional optics required.)

3b) A Silicon Photodiode must be added at the side of the SRCA exit slit to sense the reflected
energy from the Scan Mirror.

Either or both methods can be implemented.

» Action Needed: If the pursuit of this concept is of interest to GSFC, we'd be happy to respond to a
request for proposal.



SCAN MIRROR REFLECTANCE
CHARACTERIZATION

METHOD B - NORMAL INCIDENCE

SANTA BARBARA RESEARCH CENTER
8 subsidiary

Sean Mirror

b/
7




